A system size scan program was recently proposed for the STAR experiments at the Relativistic Heavy Ion Collider (RHIC). In this study, we employ a multiphase transport (AMPT) model for considering the bulk properties at the freeze-out stage for 10 B + 10 B, 12 C + 12 C, 16 O + 16 O, 20 Ne + 20 Ne, 40 Ca + 40 Ca, 96 Zr + 96 Zr, and 197 Au + 197 Au collisions at RHIC energies √ sNN of 200, 20, and 7.7 GeV. The results for 197 Au + 197 Au collisions are comparable with those of previous experimental STAR data. The transverse momentum pT spectra of charged particles (π ± , K ± , p, andp) at the kinetic freeze-out stage, based on a blast-wave model, are also discussed. In addition, we use a statistical thermal model to extract the parameters at the chemical freeze-out stage, which agree with those from other thermal model calculations. It was found that there is a competitive relationship between the kinetic freeze-out parameter T kin and the radial expansion velocity βT , which also agrees with the STAR or ALICE results. We found that the chemical freezeout strangeness potential µs remains constant in all collision systems and that the fireball radius R is dominated by NPart , which can be well fitted by a function of a NPart b with b ≈ 1/3. In addition, we calculated the nuclear modification factors for different collision systems with respect to the 10 B + 10 B system, and found that they present a gradual suppression within a higher pT range from small to large systems.
I. INTRODUCTION
Over the past few years, there have been numerous efforts to explore a quantum chromodynamics (QCD) phase diagram and quark gluon plasma, which are important goals for ultra-relativistic heavy-ion collision experiments [1] [2] [3] [4] [5] [6] [7] [8] [9] . A QCD phase diagram is characterized by temperature (T ) and the baryon chemical potential (µ B ) [5, 10] . Lattice QCD calculations predict a phase transition from a state of hadronic constituents, where the degrees of freedom are hadronic, to a plasma of deconfined quarks and gluons dominated by partonic degrees of freedom at a critical temperature of T c ≈ 170 MeV [11, 12] , namely quark-gluon plasma (QGP) [13] . QGP was found inside a hot and dense fireball created at the early stage of central Au + Au collisions at √ s N N = 200 GeV in the Relativistic Heavy-Ion Collider (RHIC) [14] at Brookhaven National Laboratory, as well as during Pb + Pb collisions at √ s N N = 2.76 TeV performed at the Large Hadron Collider (LHC), as reported through the ALICE Collaboration [15] . Many QGP signatures have been proposed based on simultaneous observations of different bulk quantities, which include the chemical freeze-out temperature (T ch ), baryon chemical potential (µ B ), and kinetic freeze-out temperature (T kin ), as well as the average radial expansion velocity (β T ), which can
The freeze-out properties provide evolution information on the collision system, which helps us to understand the expansion of the fireball [10, 16, 17] . The thermal model successfully describes the production of particles in heavy-ion collisions with a few parameters such as the chemical freeze-out temperature, baryon chemical potential, and fireball volume. From particle yields or ratios, the thermal model can be used to obtain the chemical freeze-out properties, such as the chemical freezeout temperature (T ch ), as well as the baryon (µ B ) and strangeness (µ S ) chemical potentials [18] . Apart from the transport or thermal models, the blast-wave model developed through hydrodynamics has also been extremely successful in describing observables, such as identified particle transverse momentum p T spectra, up to a few GeV/c [15] . By fitting the transverse momentum distribution, the blast-wave model has often been applied to extract the kinetic freeze-out properties, such as the kinetic freeze-out temperature and the radial flow velocity.
A system size scan program was recently proposed at RHIC energies. The system provides the chance to further verify the validity of relativistic hydrodynamics in different collision systems [19] . In this study, scans of AA collision systems in the most central collisions occurring at the center of mass with energies of √ s N N = 200, 20 and 7.7 GeV, namely, 10 B + 10 B, 12 C + 12 C, 16 O + 16 O, 20 Ne+ 20 Ne, 40 Ca+ 40 Ca, 96 Zr+ 96 Zr, 197 Au+ 197 Au, were simulated using a multiphase transport (AMPT) model to provide some predictions of the parameters at freeze-out stage. We present the AMPT prediction of p T and dN/dy spectra of identified particles including π ± , k ± , p, andp in different symmetric collision systems. Furthermore, we investigate the system dependence of the freeze-out properties at the chemical and kinetic freezeout stages [20] .
The remainder of this paper is arranged as follows: In Sec.II, an introduction to a multiphase transport (AMPT) model and some input parameters used in this study are presented. The identified particle transverse momentum (p T ) spectra and yields dN/dy are also given. The effects of different collision systems on the freeze-out properties are also discussed in Sec.III. Finally, a brief summary is presented in Sec.IV.
II. BRIEF INTRODUCTION TO THE AMPT MODEL
A multi phase transport (AMPT) model [21] , which is a hybrid dynamic model, is employed to calculate different collision systems. The AMPT model can describe the p T distribution of charged particles [22] [23] [24] [25] [26] and their elliptic flow of Pb+Pb collisions at √ s N N = 2.76 TeV, as measured through the LHC-ALICE Collaboration. The model includes four main components to describe the relativistic heavy-ion collision process: the initial conditions simulated using the Heavy Ion Jet Interaction Generator (HIJING) model [27, 28] , the partonic interactions described by Zhang's Parton Cascade (ZPC) model [29] , the hadronization process through a Lund string fragmentation or coalescence model, and the hadronic re-scattering process using A Relativistic Transport (ART) model [30] . There are two versions of AMPT: 1) the AMPT version with a string melting mechanism, in which a partonic phase is generated from excited strings in the HIJING model, where a simple quark coalescence model is used to combine the partons into hadrons; and 2) the default AMPT version which only undergoes a pure hadron gas phase. The details of AMPT can be found in Ref. [21] .
In the AMPT model, impact parameter b, which is the distance between the center of the two collided nuclei, can determine the collision centrality. In addition, the number of participants is always related to the centrality or impact parameter. In this study, we only focus on 0%-5% centrality events, the corresponding maximum impact parameters, the number of participants N P art , and the number of events, which are listed in Table I. In this calculation, we adopt the AMPT parameters, suggested in Ref. [24] , and the select charged particles, π ± , k ± , p, andp with kinetic windows, 0.2 < p T < 1.5 GeV/c and |y| < 0.1.
III. RESULTS AND DISCUSSION
A. Identified particle pT and dN/dy spectra Figure 1 shows the results of the transverse momentum spectra for π ± , k ± , p, andp in 10 B + 10 B, 12 GeV can describe the experimental data reported by the STAR Collaboration for the transverse momentum spectra of π ± , k ± , p, andp [14] . The p T spectra in different collision systems always present an exponential-like distribution, and the slope for heavier particles (such as protons) is flatter (harder) than that for lighter particles (such as π's) which is due to the so-called radial flow effect [14, 31, 32] . Figure 2 shows dN/dy of identified π ± , k ± , p, andp in the above mentioned collision systems at √ s N N = 200
GeV, which keep a flat pattern at mid-rapidity. The p T and dN/dy spectra present an obvious collision system dependence, i.e., the production yield increases with the size of the collision system. The average yield of particles dN/dy as a function of the average number of participants N part is demonstrated in Fig. 3 for π ± , k ± , p, and p at √ s N N = 200, 20, and 7.7 GeV. The experimental data shown in Fig. 3 are the N part dependences of the particle yields measured by the STAR Collaboration [14] in Au+Au collisions at √ s N N = 200 GeV. It can be seen that the results from the AMPT model are similar to those from the STAR experiments with a similar N part although in different collision systems. At √ s N N = 20 and 7.7 GeV, however, there are discrepancies between the AMPT simulation and STAR results for k − andp, which leave room for a model improvement, particularly for the treatment of anti-particles.
The system ( N part ) dependence of dN/dy can be described through a simple function, log 10 (dN/dy) = p + q * log 10 ( N part ), and Table II shows the parameters of this fitting. The slope, demonstrated by q, is similar for particles and antiparticles, and larger for a heavier particle than for a lighter one. The experimental dN/dy results can also be fitted by this type of function for π and k particles with extremely close values of p and q. Parameter q reflects the degree of dN/dy dependence on N part . For a given particle, q increases with √ s N N .
B. Kinetic properties
The kinetic freeze-out properties can be extracted from the p T spectra, which characterize the information of the systems at the kinetic freeze-out stage (i.e., as the elastic interaction of the particles stops). During this stage, the temperature and radial expansion velocity are the key parameters used to describe the system. The kinetic freeze-out parameters are obtained by fitting the p T spectra with a hydrodynamics-motivated blast-wave model. The model makes a simple assumption that the particles are locally thermalized at the kinetic freeze-out temperature and are moving with a common transverse flow velocity field. Under the assumption of a radially boosted thermal source with a kinetic freeze-out temperature T kin and a transverse radial flow velocity β T , the p T distribution of the particles is given as follows [32] :
where the velocity profile ρ is described by
Here, m T = p 2 T + m 2 is the transverse mass, I 0 and K 1 are the modified Bessel functions, r is the radial distance in the transverse plane, R is the radius of the fireball, β T is the transverse expansion velocity, and β s is the transverse expansion velocity at the surface. From these equations, the average transverse expansion velocity β T = n n+2 β s can also be derived. The free parameters in the fits are the freeze-out temperature T kin , the average transverse velocity β T , and the exponent of the Usually, π ± , k ± , p, andp particle spectra are fitted simultaneously with the blast-wave model rather than fitted individually [15] . Figure 1 also presents the fitting using the blast-wave model with Eq. (1), and we can see that the p T spectra are fitted extremely well by this model. The extracted parameters, kinetic freeze-out temperature T kin , and average radial flow velocity β T are shown in Fig. 4 . The system dependence of the fitted radial flow and the kinetic freeze-out temperature are both similar to the centrality ( N part ) dependence of the parameters from the STAR Collaboration [14] in Au+Au collisions at √ s N N = 200 GeV, as shown in panel (a) of Fig. 4 . The kinetic freeze-out temperature T kin decreases with the increase in the collision-system size, and the av-erage radial flow velocity β T presents an upward trend of the system dependence. However, at lower energies (20 and 7.7 GeV), as shown in Fig. 4 (b) and (c), discrepancies are shown between the AMPT simulation and the STAR results [33] .
C. Chemical properties
The system will reach the chemical freeze-out stage when inelastic collisions cease among the particles, that are created during the early stage. The chemical freezeout properties provide information regarding the chemical equilibrium, such as the chemical freeze-out temperature T ch , chemical freeze-out potential µ B (baryon poten- tial), and µ s (strangeness potential), which determine the relative particle yield (particle ratio) in nucleus-nucleus collisions. Two approaches are typically used to obtain the chemical freeze-out parameters: a grand-canonical ensemble (GCE) and a strangeness canonical ensemble (SCE) [34] . In this study, we only consider the grand canonical case. For a hadron gas with volume V and temperature T , the logarithm of the total partition function is given by the following [34] :
where g i and µ i are the degeneracy and chemical potential of the hadron species i, respectively, and β = 1/T and E i = p 2 + m 2 i with m i being the mass of the particle. The upper sign corresponds to the fermions and the lower sign indicates the bosons, with fugacity λ i (T, µ) = exp (µ i /T ). The chemical potential for the particle species i in this case is given by the following:
where B i , S i , and Q i are the baryon number, strangeness, and charge number, respectively, of the hadron species i, and µ B , µ Q , and µ S are the respective chemical potentials. The particle multiplicities are given through the following:
where K 2 is the Bessel function of the second order, V = 4/3πR 3 i is the hadron gas volume, and R i is the fireball radius. In the model, the resonances and their decay into lighter particles are important to the particle multiplicities:
where the first term describes the thermal average particle multiplicity of species i, and the second term describes the overall resonance contributions to the particle multiplicity of the same species.
The chemical freeze-out temperature T ch , baryon chemical potential µ B , strange chemical potential µ S , strangeness suppression factor γ S (an allowance for a taken from Ref. [14] possibly incomplete strangeness equilibration is made by multiplying this factor for each particle species [35, 36] ), and canonical radius parameter R are shown in Fig. 5, 6 , and 7, respectively, for different collision systems and at different energies. In these figures, the extracted chemical freeze-out parameters of 197 Au+ 197 Au collisions at √ s N N = 200 GeV can match the experimental measurements conducted by the RHIC-STAR Collaboration [33] .
As Fig. 5 (a) shows, at √ s N N = 200 GeV, T ch as a function of N part for different collision systems presents a slight upward trend, whereas the kinetic freeze-out temperature T kin takes an inverse trend, which implies that a larger system reaches the chemical freeze-out stage with a higher temperature but with a significant expansion for a kinetic freeze-out. Meanwhile, we can observe that our fitting result in a 197 Au + 197 Au collision system is in accordance with a monotonically increasing function of N part , extracted from 0% − 5% central Au + Au collisions during the RHIC experiments [33] . We also checked the results at √ s N N = 20 and 7.7 GeV, as plotted in Fig. 5  (b) and (c). Compared with those three energies, T ch has a weak dependence on N part , whereas T kin clearly decreases as N part increases. As we can see, at a given system and different energy, T ch is approximately 160
MeV [33] , which falls within a reasonable range of values given by the lattice QCD calculation. At a small N part , T kin is close to T ch , but does not exceed the latter, which is a reasonable result based on a hydrodynamic assumption.
Concerning the freeze-out potential, as shown in Fig.6 , the baryon chemical freeze-out potential µ B increases with N part , and the strangeness chemical freeze-out potential µ S maintains a flat pattern with N part , whereas the strangeness suppression factor γ S weakly increases with the collision system size and reaches close to unity for Au + Au collisions. For more details, Fig. 6 (a) demonstrates that µ B increases from a small system ( 10 B + 10 B) to a larger system ( 197 Au + 197 Au), the behavior of which is qualitatively consistent with the fact that it increases from peripheral to central collisions at √ s N N = 200 GeV during the STAR experiment [33] . Our calculation plotted in Fig. 6 (b) shows that µ S is almost constant from a small system to a larger system following the same behavior from peripheral to central collisions during the STAR experiment at √ s N N = 200 GeV. The strangeness suppression factor γ S is always lower than unity, which is also the case for those extracted from the STAR experiments at 200 GeV [33] .
At √ s N N = 20 and 7.7 GeV, as Fig. 6(b) and (c) show, the results of µ B and µ S are also in line with the STAR results to a certain extent. However, the AMPT results in Fig. 6 (e ) and (f) show that γ S remains constant, whereas the STAR γ S results show an increasing trend with N part . This suggests that the mechanism of the strangeness production should be improved with this model.
The radius parameter R is related to the volume of the fireball at a chemical freeze-out and is obtained for the fitting yields. As shown in Fig. 7 , for √ s N N = 200 GeV, R indicates a strong N part dependence with a pattern of R = a ( N part ) b . The exponent of b approximately equals 1/3, and the coefficient a is close to 1.0 fm. Furthermore, we can see that the radius parameter R extracted from the STAR data from the peripheral to the central Au + Au collisions at √ s N N = 200 GeV, as represented by the circles, is close to our fitted line, showing a strong N part dependence.
In contrast with √ s N N = 200 GeV, the results at 20 and 7.7 GeV indicate a similar conclusion, but with slightly different parameter a values of 0.8 and 0.7 fm, respectively, whereas parameter b remains constant at approximately 1/3, which indicates that the number of participants is always proportional to the fireball volume. D. Nuclear modification factor with respect to 10 B + 10 B system
To explore the particle production mechanism and the system size effect in different collision systems, we define a parameter R * AB , i.e., the ratio of the charge particle transverse momentum spectra of the systems of 12 C+ 12 C, 
where d 2 N AA /dydp T are the transverse momentum spectra for 12 C + 12 C, 16 Figure 8 shows R * AB as a function of p T from the AMPT model with the string melting scenario in 12 C + 12 C, 16 O + 16 O, 20 Ne + 20 Ne, 40 Ca + 40 Ca, 96 Zr + 96 Zr, and 197 Au + 197 Au collisions systems. It is clear that R * AB is strongly suppressed in the 197 Au + 197 Au collision system in comparison with the 12 C + 12 C collision system. From 12 C + 12 C to 197 Au + 197 Au collision systems, R * AB decreases with an increase in the transverse momentum, and the yield of the charge particles is suppressed at a high p T with respect to the results from 10 B+ 10 B collisions, which depict a stronger particle interaction in a larger sized system.
To describe this suppression phenomenon, a simple function was employed to fit R * AB in different systems. As is known, the transverse momentum spectra can be roughly described through a p T -exponential function [14] , dN p ⊥ dp ⊥ ∝ exp(−p ⊥ /T p ⊥ ), where p ⊥ is the transverse momentum and T p ⊥ is the inverse slope of the spectra. Based on the definition of R * AB , R * AB can be written as R * AB ∝ exp( −p ⊥ α ). Here, the parameter α = (T BB
is related to the effective temperature T p ⊥ in large and small systems, where T AA ⊥ and T BB ⊥ are the apparent temperatures in A + A collisions and 10 B+ 10 B collisions, respectively. Table III shows the parameter 1/α of this fitting, which has a monotonically increasing trend with the collision system size, indicating that the suppression is more significant in a large system than in a small system.
IV. SUMMARY
The particle yields and their p T spectra of π, k, and p in 10 B + 10 B, 12 C + 12 C, 16 GeV have been investigated using the AMPT model. The chemical freeze-out and kinetic freeze-out properties were studied based on the thermal equilibrium model and blast-wave model, respectively. For Au + Au collisions at √ s N N = 200 GeV, the extracted chemical and kinetic freeze-out parameters agree with the experimental measurements from the RHIC-STAR Collaboration [14, 33] . It was found that the kinetic freeze-out parameters T kin decrease with an increase in β T , which agrees with the early finding of the STAR or ALICE data results.
These results also show little energy dependence. As the energy √ s N N decreases, the discrepancies between the AMPT model p T spectra and the experimental data finally lead to a kinetic freeze-out temperature T kin lower than in the STAR data given at a similar radial flow velocity.
For the chemical freeze-out parameters, the baryon chemical potential µ B increases with N part , the strangeness chemical potential µ S remains constant with a deviation from N part of a few MeV in all collision systems, and γ S keeps the same value. The fireball ra- to 1/3, indicating that N part is directly proportional to the freeze-out volume of the fireball. From an energy dependence perspective, it can be seen that, for a higher initial energy density originating from a higher energy collision, the system has larger chemical freeze-out temperatures T ch , which are extracted from the thermal model fits. As the energy increases, the nuclear penetration becomes more significant. With this in mind, µ B will gradually decrease along with µ S , which is consistent with the STAR data. However, the strangeness suppression factor γ S differs significantly from the SATR results, which indicates that the strangeness production mechanism in the model needs to be improved in the future. In addition, we can see that the nuclear modification factors with respect to the 10 B + 10 B collision system for different collision systems present a gradual suppression within the intermediate p T range from a small system to a larger system. To summa-rize, our detailed study provides a reference for a system scan of the chemical and kinetic properties of hot and dense QCD matter created during heavy-ion collisions at wide RHIC beam scan energies.
